Extensive self-consistent multi-configuration Dirac-Hartree-Fock (MCDHF) calculations are performed for the 3s 2 3p 6 3d k (k = 1 − 9) ground configurations of highly charged ions (Z = 72 − 83). Complete and consistent data sets of excitation energies, wavelengths, line strengths, oscillator strengths, and magnetic dipole (M1) and electric quadrupole (E2) transition rates among all these levels are given. We have compared our results with the results available in the literature and the accuracy of the data is assessed. We predict new energy levels and transition probabilities where no other experimental or theoretical results are available, which will form the basis for future experimental work.
+ 3s
2 3p 6 3d k−1 nl + 3s 2 3p 6 3d k−2 nl 2 with n = 6, 7, and k = 2, 3, 7 or 8; iii) for Ti-, V-and Cr-like ions, configuration expansions are similar to those of Ca-like ion, but with the highest n up to 6. In order to further reduce the size of the configuration interaction (CI) matrix, we only consider those of the configurations in the above space that directly interact with the reference configurations. Those configurations are used to optimize the atomic orbital (AO) wave functions via the multi-configuration self-consistent-field (MCSCF) method. The AO wave functions with the principle quantum numbers n = 1, 2, 3 are optimized together as spectroscopic orbitals with n − l − 1 nodes by minimizing the weighted sum (with statistical weights) F of all energy levels of ground configurations 3s 2 3p 6 3d k together with the 3l 8+k configurations. Then the AOs of n = 1, 2, 3 are fixed, and AOs for n = 4 are optimized by minimizing the same F within the above configuration space expanded to n max = 4. In succession, with the AOs of n ≤ 4 fixed, the AOs are extended to n max = 5, 6, 7 from n to n + 1, and the AOs with n ≥ 4 are optimized as pseudo-orbitals. quantum number of the active set involved in each step of the MCDHF calculations. As can be seen from Table 1, the MCDHF excitation energies have converged in the last step (n = 7 for W 48+ and W 55+ ions, and n = 6 for W 52+ ion). For instance, the contributions to the energy of the (d 1 + ) 5/2 level, due to electron correlation effects with the n = 3, 4, 5, 6, 7 configurations, are 1176, -318, -9, 17, 7 cm −1 , respectively. The total contribution 810 cm −1 , relative to the accuracy of the E2 transitions is comparable to those of the M1 ones discussed above.
In Table 3 the transition rates for Hf (Z = 72), Ta (Z = 73), W (Z = 74) and Au (Z = 79) ions from our present MCDHF/RCI calculations are compared with calculated rates from our MBPT calculations, as well as with the values from the RCI calculations reported by Osin et al. [2] . These transitions listed Table 3 have been observed by Ralchenko et al. [1, 2] . The agreement between the MCDHF/RCI and MBPT results is within 4 % for all transitions listed in Table 3 .
Similar agreement can be found between the present and previous calculations, expect for the (d wavelengths and the present MCDHF/RCI ones, the present MBPT ones, and the RCI ones [1, 2] , respectively. The experimental wavelengths are those from Ralchenko et al. [1, 2] . The horizontal lines indicate the 0.2 % differences of the experimental and theoretical wavelengths. corresponds to the principal quantum number n = 3 and j − = 3/2, while d + is written for n = 3 and j + = 5/2. The subscript after the right parenthesis is the total J value of the terms inside the parentheses.
DF Dirac-Fock excitation energies
Electron correlation Excitation energies obtained in each step of the MCDHF calculations, where n = 3 denotes the orbital set with the maximum principal quantum number n = 3, etc.
MCDHF/RCI Excitation energies from the present MCDHF/RCI calculations

MBPT Excitation energies from the present MBPT calculations
Exp. Experimental excitation energies from Ralchenko et al. [1] RCI Excitation energies from the previous RCI calculations by Ralchenko et al. [1] MCDHF/RCI2 Excitation energies from the previous MCDHF/RCI calculations by Quinet [17] corresponds to the principal quantum number n = 3 and j − = 3/2, while d + is written for n = 3 and j + = 5/2. The subscript after the right parenthesis is the total J value of the terms inside the parentheses.
The symmetry J π of each level, i.e. the total angular momentum and parity Energy(cm −1 ) Level energies relative to the ground state Table 4 . Wavelengths(λ, in nm), transition rates(A, in s −1 ), weighted oscillator strengths (gf, dimensionless) and line strengths (S, in atomic unit) with the uncertainties (in %), for 11988 M1 transitions among all levels of the 3s 2 3p 6 3d k (k = 1-9) ground configurations of highly charged ions (Z = 72-83). Uncertainties (in %) of line strengths Table 5 .Wavelengths (λ, in nm), transition rates (A, in s −1 ), weighted oscillator strengths (gf, dimensionless) and line strengths (S, in atomic unit) with the uncertainties (in %), for 18192 E2 transitions among all levels of the 3s 2 3p 6 3d k (k = 1-9) ground configurations of highly charged ions (Z = 72-83). Table 3 Comparisons of wavelengths (nm) and transition rates (s −1 ) for some forbidden transitions of Hf (Z = 72), Ta (Z = 73), W (Z = 74) and Au (Z = 79) ions. These transitions have been observed by Ralchenko et al. [1, 2] . See page 14 for Explanation of Tables Table 4 Wavelengths (λ, in nm), transition rates (A, in s −1 ), weighted oscillator strengths (gf, dimensionless) and line strengths (S, in atomic unit) with the uncertainties (in %), for 11988 M1 transitions among all levels of the 3s 2 3p 6 3d k (k = 1-9) ground configurations of highly charged ions (Z = 72-83). Table 5 Wavelengths (λ, in nm), transition rates (A, in s −1 ), weighted oscillator strengths (gf, dimensionless) and line strengths (S, in atomic unit) with the uncertainties (in %), for 18192 E2 transitions among all levels of the 3s 2 3p 6 3d k (k = 1-9) ground configurations of highly charged ions (Z = 72-83). 
Sequence
((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 1624700.19 T i 72 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 1640930.00 T i 72 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 1706349.39 T i 72 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 1757736.82 T i 72 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )1 1 e 1761401.39 T i 72 30 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )4 4 e 1763746.48 T i 72 31 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )T i 73 1 (d 4 − )0 0 e 0.00 T i 73 2 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )1 1 e 480935.44 T i 73 3 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )4 4 e 577027.45 T i 73 4 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )2 2 e 599829.65 T i 73 5 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )3 3 e 627576.96 T i 73 6 ((d 2 − )2, (d 2 + )2)0 0 e 1030569.70 T i 73 7 ((d 2 − )2, (d 2 + )4)2 2 e 1036488.17 T i 73 8 ((d 2 − )2, (d 2 + )4)4 4 e 1054255.05 T i 73 9 ((d 2 − )2, (d 2 + )4)3 3 e 1070249.76 T i 73 10 ((d 2 − )2, (d 2 + )4)5 5 e 1100782.92 T i 73 11 ((d 2 − )2, (d 2 + )4)6 6 e 1124034.83 T i 73 12 ((d 2 − )2, (d 2 + )2)1 1 e 1139716.09 T i 73 13 ((d 2 − )2, (d 2 + )2)3 3 e 1166038.09 T i 73 14 ((d 2 − )2, (d 2 + )2)4 4 e 1168952.14 T i 73 15 ((d 2 − )2, (d 2 + )2)2 2 e 1183566.39 T i 73 16 ((d 2 − )2, (d 2 + )0)2 2 e 1282612.48 T i 73 17 ((d 2 − )0, (d 2 + )4)4 4 e 1326430.22 T i 73 18 ((d 2 − )0, (d 2 + )2)2 2 e 1425310.86 T i 73 19 ((d 2 − )0, (d 2 + )0)0 0 e 1547413.31 T i 73 20 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )4 4 e 1607011.46 T i 73 21 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )3 3 e 1617484.97 T i 73 22 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )1 1 e 1657913.90 T i 73 23 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )5 5 e 1665243.03 T i 73 24 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )6 6 e 1670703.42 T i 73 25 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 1730912.30 T i 73 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 1747318.68 T i 73 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 1812347.27 T i 73 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 1866727.99 T i 73 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )1 1 e 1870453.96 T i 73 30 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )4 4 e 1872246.62 T i 73 31 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )2 2 e 1905285.49 T i 73 32 (d 4 + )4T i 74 1 (d 4 − )0 0 e 0.00 T i 74 2 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )1 1 e 516667.61 T i 74 3 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )4 4 e 613991.73 T i 74 4 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )2 2 e 638623.05 T i 74 5 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )3 3 e 666482.78 T i 74 6 ((d 2 − )2, (d 2 + )2)0 0 e 1103101.77 T i 74 7 ((d 2 − )2, (d 2 + )4)2 2 e 1108069.49 T i 74 8 ((d 2 − )2, (d 2 + )4)4 4 e 1127004.37 T i 74 9 ((d 2 − )2, (d 2 + )4)3 3 e 1143407.39 T i 74 10 ((d 2 − )2, (d 2 + )4)5 5 e 1173800.82 T i 74 11 ((d 2 − )2, (d 2 + )4)6 6 e 1197237.99 T i 74 12 ((d 2 − )2, (d 2 + )2)1 1 e 1214642.38 T i 74 13 ((d 2 − )2, (d 2 + )2)3 3 e 1240249.68 T i 74 14 ((d 2 − )2, (d 2 + )2)4 4 e 1243629.29 T i 74 15 ((d 2 − )2, (d 2 + )2)2 2 e 1258785.49 T i 74 16 ((d 2 − )2, (d 2 + )0)2 2 e 1359850.74 T i 74 17 ((d 2 − )0, (d 2 + )4)4 4 e 1404515.64 T i 74 18 ((d 2 − )0, (d 2 + )2)2 2 e 1506160.47 T i 74 19 ((d 2 − )0, (d 2 + )0)0 0 e 1633255.72 T i 74 20 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )4 4 e 1716039.79 T i 74 21 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )3 3 e 1726901.78 T i 74 22 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )1 1 e 1768152.70 T i 74 23 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )5 5 e 1775644.77 T i 74 24 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )6 6 e 1780809.30 T i 74 25 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 1842542.79 T i 74 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 1859108.90 T i 74 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 1923957.94 T i 74 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 1981124.02 T i 74 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )1 1 e 1984926.37 T i 74 30 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )4 4 e 1986138.91 T i 74 31 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )T i 75 1 (d 4 − )0 0 e 0.00 T i 75 2 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )1 1 e 554258.88 T i 75 3 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )4 4 e 652791.74 T i 75 4 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )2 2 e 679220.87 T i 75 5 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )3 3 e 707204.81 T i 75 6 ((d 2 − )2, (d 2 + )2)0 0 e 1179371.84 T i 75 7 ((d 2 − )2, (d 2 + )4)2 2 e 1183421.36 T i 75 8 ((d 2 − )2, (d 2 + )4)4 4 e 1203456.70 T i 75 9 ((d 2 − )2, (d 2 + )4)3 3 e 1220298.68 T i 75 10 ((d 2 − )2, (d 2 + )4)5 5 e 1250516.36 T i 75 11 ((d 2 − )2, (d 2 + )4)6 6 e 1274119.88 T i 75 12 ((d 2 − )2, (d 2 + )2)1 1 e 1293285.92 T i 75 13 ((d 2 − )2, (d 2 + )2)3 3 e 1318183.03 T i 75 14 ((d 2 − )2, (d 2 + )2)4 4 e 1322004.95 T i 75 15 ((d 2 − )2, (d 2 + )2)2 2 e 1337714.55 T i 75 16 ((d 2 − )2, (d 2 + )0)2 2 e 1440799.28 T i 75 17 ((d 2 − )0, (d 2 + )4)4 4 e 1486264.61 T i 75 18 ((d 2 − )0, (d 2 + )2)2 2 e 1590709.70 T i 75 19 ((d 2 − )0, (d 2 + )0)0 0 e 1722591.48 T i 75 20 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )4 4 e 1830705.71 T i 75 21 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )3 3 e 1841916.55 T i 75 22 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )1 1 e 1883999.90 T i 75 23 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )5 5 e 1891609.95 T i 75 24 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )6 6 e 1896468.99 T i 75 25 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 1959775.69 T i 75 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 1976486.42 T i 75 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 2041343.07 T i 75 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 2101111.29 T i 75 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )1 1 e 2105005.41 T i 75 30 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )4 4 e 2105610.80 T i 75 31 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )Sequence Z Key Level J π Energy(cm −1 ) T i 76 2 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )1 1 e 593772.84 T i 76 3 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )4 4 e 693491.00 T i 76 4 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )2 2 e 721690.09 T i 76 5 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )3 3 e 749809.54 T i 76 6 ((d 2 − )2, (d 2 + )2)0 0 e 1259506.28 T i 76 7 ((d 2 − )2, (d 2 + )4)2 − )2, (d 2 + )2)2 2 e 1420480.31 T i 76 16 ((d 2 − )2, (d 2 + )0)2 2 e 1525586.75 T i 76 17 ((d 2 − )0, (d 2 + )4)4 4 e 1571813.28 T i 76 18 ((d 2 − )0, (d 2 + )2)2 2 e 1679087.15 T i 76 19 ((d 2 − )0, (d 2 + )0)0 0 e 1815575.44 T i 76 20 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )4 4 e 1951190.68 T i 76 21 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )3 3 e 1962719.83 T i 76 22 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )1 1 e 2005646.00 T i 76 23 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )5 5 e 2013329.04 T i 76 24 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )6 6 e 2017872.63 T i 76 25 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 2082799.78 T i 76 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 2099641.48 T i 76 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 2164670.41 T i 76 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 2226880.62 T i 76 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )4 4 e 2230853.97 T i 76 30 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )1 1 e 2230882.31 T i 76 31 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )T i 77 1 (d 4 − )0 0 e 0.00 T i 77 2 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )1 1 e 635273.83 T i 77 3 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )4 4 e 736153.64 T i 77 4 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )2 2 e 766098.17 T i 77 5 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )3 3 e 794363.87 T i 77 6 ((d 2 − )2, (d 2 + )2)0 0 e 1343633.10 T i 77 7 ((d 2 − )2, (d 2 + )4)((d 2 − )0, (d 2 + )2)2 2 e 1771422.86 T i 77 19 ((d 2 − )0, (d 2 + )0)0 0 e 1912361.37 T i 77 20 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )4 4 e 2077680.22 T i 77 21 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )3 3 e 2089504.38 T i 77 22 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )1 1 e 2133283.75 T i 77 23 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )5 5 e 2140994.73 T i 77 24 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )6 6 e 2145212.54 T i 77 25 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 2211806.41 T i 77 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 2228766.58 T i 77 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 2294112.33 T i 77 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 2358625.07 T i 77 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )4 4 e 2362062.08 T i 77 30 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )1 1 e 2362750.49 T i 77 31 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )T i 78 1 (d 4 − )0 0 e 0.00 T i 78 2 ((d 3 − ) 3/2 , (d2 − )0, (d 2 + )0)0 0 e 2013104.67 T i 78 20 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )4 4 e 2210367.43 T i 78 21 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )3 3 e 2222469.14 T i 78 22 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )1 1 e 2267112.06 T i 78 23 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )5 5 e 2274805.95 T i 78 24 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )6 6 e 2278687.34 T i 78 25 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 2346993.30 T i 78 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 2364060.42 T i 78 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 2429849.55 T i 78 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 2496543.91 T i 78 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )4 4 e 2499434.92 T i 78 30 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )1 1 e 2500809.52 T i 78 31 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )T i 79 1 (d 4 − )0 0 e 0.00 T i 79 2 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )1 1 e 724503.49 T i 79 3 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )4 4 e 827634.86 T i 79 4 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )2 2 e 861008.69 T i 79 5 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )2 − )0, (d 2 + )2)2 2 e 1968507.59 T i 79 19 ((d 2 − )0, (d 2 + )0)0 0 e 2117959.81 T i 79 20 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )4 4 e 2349449.24 T i 79 21 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )3 3 e 2361815.76 T i 79 22 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )1 1 e 2407332.57 T i 79 23 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )5 5 e 2414964.34 T i 79 24 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )6 6 e 2418498.36 T i 79 25 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 2488561.09 T i 79 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 2505724.43 T i 79 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 2572067.92 T i 79 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 2640839.09 T i 79 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )4 4 e 2643174.80 T i 79 30 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )1 1 e 2645261.64 T i 79 31 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )T i 80 1 (d 4 − )0 0 e 0.00 T i 80 2 ((d 3 − ) 3/2 , (d2 − )0, (d 2 + )0)0 0 e 2227082.91 T i 80 20 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )4 4 e 2495128.70 T i 80 21 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )3 3 e 2507751.20 T i 80 22 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )1 1 e 2554152.21 T i 80 23 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )5 5 e 2561676.93 T i 80 24 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )6 6 e 2564852.33 T i 80 25 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 2636716.00 T i 80 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 2653965.47 T i 80 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 2720960.69 T i 80 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 2791718.07 T i 80 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )4 4 e 2793489.45 T i 80 30 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )1 1 e 2796314.63 T i 80 31 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )T i 81 1 (d 4 − )0 0 e 0.00 T i 81 2 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )1 1 e 822493.92 T i 81 3 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )4 4 e 927780.54 T i 81 4 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )2 2 e 964520.87 T i 81 5 ((d 3 − ) 3/2 , (d 1 + ) 5/2 )3 3 e 993467.87 T i 81 6 ((d 2 − )2, (d 2 + )4)2 2 e 1721819.10 T i 81 7 ((d 2 − )2, (d 2 + )2)02 − )0, (d 2 + )2)2 2 e 2183073.61 T i 81 19 ((d 2 − )0, (d 2 + )0)0 0 e 2340637.37 T i 81 20 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )4 4 e 2647614.90 T i 81 21 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )3 3 e 2660488.15 T i 81 22 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )1 1 e 2707784.23 T i 81 23 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )5 5 e 2715156.76 T i 81 24 ((d 1 − ) 3/2 , (d 3 + ) 9/2 )6 6 e 2717961.31 T i 81 25 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )2 2 e 2791671.55 T i 81 26 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )3 3 e 2808998.20 T i 81 27 ((d 1 − ) 3/2 , (d 3 + ) 3/2 )0 0 e 2876733.08 T i 81 28 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 3 e 2949397.14 T i 81 29 ((d 1 − ) 3/2 , (d 3 + ) 5/2 )3 − ) 3/2 , (d 2 + )2) 3/2 3/2 e 941280.20 V 82 6 ((d 3 − ) 3/2 , (d 2 + )4) 9/2 9/2 e 986088.82 V 82 7 ((d 3 − ) 3/2 , (d 2 + )2) 5/2 5/2 e 1024110.50 V 82 8 ((d 3 − ) 3/2 , (d 2 + )2) 7/2 7/2 e 1063200.63 V 82 9 ((d 3 − ) 3/2 , (d 2 + )2) 1/2 1/2 e 1067439.76 V 82 10 ((d 3 − ) 3/2 , (d 2 + )0) 3/2 3/2 e 1234593.30 V 82 11 ((d 2 − )2, (d 3 + ) 9/2 ) 5/2 5/2 e 1727403.11 V 82 12 ((d 2 − )2, (d 3 + ) 9/2 ) 7/2 7/2 e 1810151.81 V 82 13 ((d 2 − )2, (d 3 + ) 9/2 ) 11/2 11/2 e 1810432.40 V 82 14 ((d 2 − )2, (d 3 + ) 9/2 ) 9/2 9/2 e 1829814.73 V 82 15 ((d 2 − )2, (d 3 + ) 9/2 ) 13/2 13/2 e 1854471.51 V 82 16 ((d 2 − )2, (d 3 + ) 3/2 ) 1/2 1/2 e 1881931.20 V 82 17 ((d 2 − )2, (d 3 + ) 5/2 ) 3/2 3/2 e 1890787.08 V 82 18 ((d 2 − )2, (d 3 + ) 3/2 ) 5/2 5/2 e 1899176.19 V 82 19 ((d 2 − )2, (d 3 + ) 5/2 ) 9/2 9/2 e 1945999.36 V 82 20 ((d 2 − )2, (d 3 + ) 3/2 ) 7/2 7/2 e 1968895.78 V 82 21 ((d 2 − )2, (d 3 + ) 3/2 ) 3/2 3/2 e 1990948.69 V 82 22 ((d 2 − )2, (d 3 + ) 5/2 ) 5/2 5/2 e 1991986.19 V 82 23 ((d 2 − )2, (d 3 + ) 5/2 ) 7/2 7/2 e 2050856.67 V 82 24 ((d 2 − )2, (d 3 + ) 5/2 ) 1/2 1/2 e 2052538.84 V 82 25 ((d 2 − )0, (d 3 + ) 9/2 ) 9/2 9/2 e 2133684.34 V 82 26 ((d 2 − )0, (d 3 + ) 3/2 ) 3/2 3/2 e 2277056.44 V 82 27 ((d 2 − )0, (d 3 + ) 5/2 ) 5/2 5/2 e 2317326.53 V 82 28 ((d 1 − ) 3/2 , (d 4 + )4) 5/2 5/2 e 2733697.44 V 82 29 ((d 1 − ) 3/2 , (d 4 + )4) 7/2 7/2 e 2819229.70 V 82 30 ((d 1 − ) 3/2 , (d 4 + )4) 11/2 11/2 e 2829590.75 V 82 31 ((d 1 − ) 3/2 , (d 4 + )2) 3/2 3/2 e 2848142.59 V 82 32 ((d 1 − ) 3/2 , (d 4 + )4) 9/2 9/2 e 2897034.83 V 82 33 ((d 1 − ) 3/2 , (d 4 + )2) 5/2 5/2 e 2940922.22 V 82 34 ((d 1 − ) 3/2 , (d 4 + )2) 7/2 7/2 e 2973680.64 V 82 35 ((d 1 − ) 3/2 , (d 4 + )2) 1/2 1/2 e 3035436.62 V 82 36 ((d 1 − ) 3/2 , (d 4 + )0) 3/2 3/2 e 3188825.85 V 82 37 (d 5 + ) 5/2 5/2 e 3815066.09 V 83 1 (d 1 + ) 5/2 5/2 e 0.00 V 83 2 ((d 3 − ) 3/2 , (d 2 + )4) 5/2 5/2 e 871375.57 V 83 3 ((d 3 − ) 3/2 , (d 2 + )4) 7/2 7/2 e 975593.09 V 83 4 ((d 3 − ) 3/2 , (d 2 + )4) 11/2 11/2 e 984076.87 V 83 5 ((d 3 − ) 3/2 , (d 2 + )2) 3/2 3/2 e 996528.26 V 83 6 ((d 3 − ) 3/2 , (d 2 + )4) 9/2 9/2 e 1041603.09 V 83 7 ((d 3 − ) 3/2 , (d 2 + )2) 5/2 5/2 e 1080681.90 V 83 8 ((d 3 − ) 3/2 , (d 2 + )2) 7/2 7/2 e 1120101.48 V 83 9 ((d 3 − ) 3/2 , (d 2 + )2) 1/2 1/2 e 1125865.40 V 83 10 ((d 3 − ) 3/2 , (d 2 + )0) 3/2 3/2 e 1295828.23 V 83 11 ((d 2 − )2, (d 3 + ) 9/2 ) 5/2 5/2 e 1835177.05 V 83 12 ((d 2 − )2, (d 3 + ) 9/2 ) 11/2 11/2 e 1918920.60 V 83 13 ((d 2 − )2, (d 3 + ) 9/2 ) 7/2 7/2 e 1919235.64 V 83 14 ((d 2 − )2, (d 3 + ) 9/2 ) 9/2 9/2 e 1938796.41 V 83 15 ((d 2 − )2, (d 3 + ) 9/2 ) 13/2 13/2 e 1963172.01 V 83 16 ((d 2 − )2, (d 3 + ) 3/2 ) 1/2 1/2 e 1992682.43 V 83 17 ((d 2 − )2, (d 3 + ) 5/2 ) 3/2 3/2 e 2001547.27 V 83 18 ((d 2 − )2, (d 3 + ) 3/2 ) 5
